Conformational studies on the beta subunits of human hemoglobin and their arginyl-COOH peptides.
The beta subunits of hemoglobin upon alkylation of the cysteinyl residues with iodoacetamide showed a sedimentation velocity with an S20w, near 1.8 as for monomeric subunits. They reacted with alpha chains to give a tetrameric hemoglobin with a sedimentation constant near 4.4. Their CD spectrum was indistinguishable from that of untreated beta chains below 270 nm, otherwise they showed some deviation that became pronounced in the Soret region, where the optical activity of the alkylated subunits was definitely lower than that of the native subunits. Upon removal of the heme the apo-beta subunits showed a decreased optical activity in the far-uv region of the spectrum indicating a substantial loss of helical content. Their sedimentation behavior was consistent with the presence of large aggregates, which dissociates into monomers upon reconstitution with cyanoheme. The apo-beta subunits could be renatured from 6 M guanidine hydrochloride. They showed a stoichiometric reaction with heme in the molar ratio 1:1. Upon reconstitution with the heme their optical activity became similar to that of the native beta chains in the far-uv region of the spectrum, but remained lower in the near-uv and Soret regions. After acylation of the lysyl residues with citraconic anhydride the apo-beta subunits were digested with trypsin and the arginyl-COOH peptides beta(1-30), beta(31-40), beta(41-104), and beta(105-146) were separated by gel chromatography. With the exception of the peptide beta/105-146), which was insoluble at neutral pH, the sedimentation behavior of the other peptides showed the presence of small polymers. The sedimentation behavior of the peptide beta(31-40) was not tested. The percentage of alpha helix, beta conformation, and of random coil (or unordered structure) of the various proteins and peptides was measured fitting their CD spectra in the far-uv region with the parameter published by Y.H. Chen et al. ((1974), Biochemistry 13, 3350) and by N. Greenfield and G.D. Fasman ((1969), Biochemistry 8, 4108). In this way the helical content of the native and reconstituted alkylated beta subunits appeared to be near 76%, a value very near to that present in the same subunits in the hemoglobin crystal. The helical content of the apo-beta subunits in 0.04 M borate buffer at pH 9.6 decreased to a value near 45%. The helical content of the isolated peptides in electrolyte solutions was in any case near 10% indicating an almost complete loss of the structure that they have in the hemoglobin crystal. Cyanoheme reacted with the peptide beta(41-104), however, the reaction was not stoichiometric indicating a low affinity of the heme for the peptide. With the exception of the peptide beta(31-104), all of the other peptides recovered some of their helical structure when dissolved in 50% methanol. Notably also the apo-beta subunits did so suggesting that the loss of structure upon the removal of the heme could be in part due to the exposure of the heme pocket to water.